In four different cases of extensive forest fire smoke the surface temperature effects were determined under the smoke cloud. In all cases, daytime cooling and no nighttime effects were found. The locations of smoke clouds from extensive forest fires in western Canada in 1981 and 1982, in northern China and Siberia in 1987, and in Yellowstone National Park in northwestern Wyoming in 1988 were determined from satellite imagery. As these smoke clouds passed over the midwestern United States for the Canadian and Yellowstone fires and over Alaska for the Chinese/Siberian fires, surface air temperature effects were determined by comparing actual surface air temperatures with those forecast by model output statistics (MOS) of the United States National Weather Service. MOS error fields corresponding to the smoke cloud locations showed daytime cooling of 1.5 ø to 7ø(2 under the smoke but no nighttime effects. These results correspond to theoretical estimates of the effects of smoke, and they serve as observational confirmation of a portion of the nuclear winter theory. This also implies that smoke from biomass burning can have a daytime cooling effect of a few degrees over seasonal time scales. In order to properly simulate the present climate with a numerical climate model in regions of regular burning it may be necessary to include this smoke effect.
), but the smoke veil maintained a coherent structure for several days. The total area covered was about the same in both cases. Robock [1988b] presented a preliminary summary of these cases.
As these smoke clouds passed over the midwestern United States, surface air temperature effects were determined by comparing actual temperatures with those forecast using model output statistics (MOS) by the United States National Weather Setvice [Glahn and Lowry, 1972] . This MOS error technique had been used successfully before to determine surface air temperature effects of the Mount St. Helens volcanic eruption of 1980 Mass and Robock, 1982] 
The 1982 case was investigated by Westphal and Toon [1991]
by use of a high resolution numerical model which simulated the transport and radiative effects of the smoke. They found virtually identical cooling at the surface to that found here with the MOS error technique. When they did the same simulation but changed the optical properties of the smoke to be more like that from a burning city or industrial area (more absorbing and less scattering) they found surface cooling of 8ø-10øC.
CtfiNA AND SmERL• FIRES OF 1987
In May 1987, extensive forest fires burned in the People's Republic of China and in Siberia, USSR. In less than 1 month the fires burned more than 7,500,000 ha in China and 20,500,000 to 37,500,000 ha in Siberia [Salisbury, 1989] . Smoke from these fires was seen in polar orbiting satellite images over Alaska for several days starting on May 10. This demonstrates the potential for long-range transport of smoke in the atmosphere (> 4000 km in this case).
The same technique of using errors of the MOS surface air temperature forecasts in regions of little synoptic disturbance was used to search for surface temperature effects of the smoke in Alaska. Surface temperature forecasts are produced by MOS for 26 locations in Alaska (Figure 9 ) verifying at 6-hour intervals [Maglaras, 1983] . Since Alaska is between 130 ø and 170 ø west of Greenwich, forecasts verifying at 0000 UT are for the approximate time of day of maximum temperatures, the 1800 and 0600 UT forecasts are for early morning and early evening, and the 1200 UT forecasts are for the middle of the night.
The locations of the smoke plumes from the fires are shown in Figure 10 for 0000 Iyr for May 11-13, as determined from satellite images at the NOAA/Navy Joint Ice Center. The poor quality of the images prevented their reproduction for this article. It can be seen in Figure 11 that the smoke locations correspond to MOS errors representing surface cooling of 2 ø to 6ø(2 and there are no large areas of positive MOS errors. For all other times such patterns do not appear, and the MOS errors are much smaller in amplitude and scale (e.g., Figure 12 ).
YELLOWSTONE FIRES OF 1988
On September 7, 1988, forest fires already burning in Yellowstone National Park in northwestern Wyoming erupted into a massive conflagration, pumping a tremendous smoke plume into the atmosphere (Figure 13a) . The next day the fires died down, but the smoke generated on September 7 had spread to cover the midwestern United States (Figure 13b) . Three days later, on September 11, as the attention of weather watchers was fiveted on the approach of Hurricane Gilbert, the smoke from the fires of September 7 was clearly seen as it passed over New York City on its way into the Atlantic Ocean (Figure 13c) . Again, the smoke clouds were easy to detect with visible wavelength imagery but were invisible in infrared imagery (Figure 13d) . These results also imply that smoke from biomass burning can have a daytime cooling effect of a few degrees over seasonal time scales, as was recently also pointed out by Crutzen and Andreae [1990] . Further studies will be necessary to verify this using accurate measurements of atmospheric optical depth and standard meteorological variables in tropical regions where such data are currently unavailable. To my knowledge, the MOS technique used in this paper would not be applicable outside the United States because MOS is not used, with the results archived, in other parts of the world. In order to properly simulate the present climate with a numerical climate model in regions of regular buming it may be necessary to include this smoke effect.
